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1, INTRODUCTION 

Malaysia is one of the countries that have been severely affected by haze for the past 10 years. The 
number of acute respiratory disease cases is spiking approximately 60% because of haze [1]. Social awareness 
towards the surrounding air quality has increased the demand for real time air quality information. According 
to The Star on September 16", 2015, Malaysians complaint on very short notice of school closing due to 
unhealthy API level which mainly caused by haze [1]. Current API system still using the same as the one 
established in 1993. Based on Malaysia Department of Environment, the data processed based on averaging 
time of 24 hours [2]. Hence, the current method is not accurate to represents the actual environment situation. 
A real time monitoring necessarily required in order carrying out immediate actions in case of unhealthy API 
level reached. Therefore, through this research, an air quality monitoring system has been developed using 
Arduino Yun Mini and ThingSpeak as the Internet of Things (IoT) platform in order to create a medium of 
sharing information for pollution monitoring; where the data management and control can be done 
conveniently through the internet with secured environment. 

In addition, current stationary API monitoring system situated only at certain area gives less reliable 
results for the people who live distantly [3]. A portable concept of API monitoring will surely help to overcome 
this problem. Malaysia API monitoring system is incapable of measure PM2.5 and expected to be implemented 
in the system on 2020 while neighbor countries like Singapore already capable [3], [4]. Thus, PM2.5 sensor 
integrated in this system has an advantage on giving reliable functionality on common pollutants detection. A 
low-cost concept implemented in this system makes it affordable towards wide range of people. As per 
Table 1, usually, the stationary type of Air Quality Monitoring system consisting of Analytical Instruments is 
very expensive [5], [6]. 
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Table 1. Comparison between analytical instruments and pollutants sensors [6], [7] 


Characteristics Analytical instruments Air quality sensors 
Cost Very high Fair 
Size Bulky Compact 
Resolution Excellent Reliable 
Mobility Difficult Easy 


A low-cost air quality monitoring system has been developed which only focused on dust pollutants 
monitoring by using Sharp GP2Y1O1OAUOF sensor [8]. A similar approach done with addition of Global 
System for Mobile Communications (GSM) modem integrated in the system [9]. However, the system 
monitoring was limited to PM10 pollutants only. In the other hand, a CO Gas Detector was designed based 
on ATMEGA8535 microcontroller, TGS 2600 sensor and Global System for Mobile (GSM) module [10]. 
Another project which focused on monitoring the CO concentration level with main aim on industrial purpose 
developed [11]. The system used PICI8F4550 microcontroller and integrated with MQ-7 CO sensor. The 
system consists of 3 parts of circuits which are power supply unit, signal conditioning unit, alarm, display and 
microcontroller unit. 

An indoor air quality monitoring system developed with different approach which classified the 
pollutants as Volatile Organic Components (VOC) [12]. The system using mbed LPC1768 microcontroller 
based on 32-bit ARM cortex M3 processor integrated with the TGS 2602. The pollutants monitored which has 
been classified as VOC are Hydrogen, Ammonia, Ethanol, Hydrogen Sulfide and Toluene. Another sensor 
called Sense Air S8 used in the system mainly to measures Carbon Dioxide. Further, DHT22 used to monitor 
the temperature and humidity conditions. 

Inspired by the Internet of Things trend, a device called ‘Polluino’ was developed to monitor the air 
quality [13]. It 1s enhanced with cloud-base management for increase the efficiency. Neglecting the low-cost 
aspect, it 1s equipped with 12 different types of gas sensors and 5 environmental sensors. Arduino 
microcontroller preferred to be used with its open source flexibility and integrated with Wi-Fi module, 
ESP8266, as its network communication medium. 

AirSense, an Air Quality Monitoring Device (AQMD) which focus on low power and low-cost system 
implementation developed [14]. The system used Bluetooth HC-05 module to transmit data to smart phone 
device and share the data through the cloud. By using the MQ-135 gas sensor, the air monitored and the data 
uploaded to the cloud through ThingSpeak web service. Still, the connectivity between the smart phone and 
the AQMD will be limited up to a certain range as it using the Bluetooth communication medium. 

In this project, combination of MQ-7 CO sensor, DHT22 temperature/humidity sensor, PM10 and 
PM2 sensor will be intregated in order to provide more detail environmental parameter compared to previous 
research. A GSM module is also intergrated in the system to carry out the real time monitoring function of 
distant notifications by Short Message Services (SMS). Whenever the measured values exceed the limits, SMS 
will be sent to the specific phone number to alert the user of the possible environmental health effect. 


2. RESEARCH METHOD 

The system designed to be able to measure several common air quality index and standardized the 
results with the Malaysia Air Pollutant Index to indicate the severity of the air quality. Hence, the selection of 
the hardware to be used in the system has been done to make sure that the hardware used 1s able to give results 
which can be standardized with the API. The air quality monitoring system compacted with 4 sensors integrated 
into it and each has their own functionality to measure CO pollutant, temperature, humidity, PMio and PM2s. 

To ensure the reliability of the system, each of the sensors ensured to be calibrated. However, the 
only sensor required to be calibrated before fully integrated into the system is CO sensor while the others has 
been readily calibrated by the manufacturer. To make the air flow nearby the sensors regulated, a DC brushless 
fan installed in the device. This to make sure that the results obtained to be more valid. Details of the block 
system diagram of API monitoring is illustrated in Figure 1. 

A structure of process flow has been designed and followed during the implementation of the system. 
The process flow planned thoroughly to ensure the research covering the whole objective of the project. 
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Figure 1. Detailed system block diagram of the API monitoring 


2.1. Sensor Selection 

The modules used in the system selected based on its functionality to carry out the task needed for the 
system. Microcontroller Arduino Uno Rev. 3 ATmega328P is enough to control the system. GSM Modem of 
SIM900 series used and with the dual network band, it can carry out its function to communicate with general 
mobile phones while LCD of 16x2 display used for nearby output visualization. 

As in Table 2, the sensors integrated in the system are selected based on its measuring capability 
which is able to detect the pollutants concentration based on the Malaysia API scale. The higher the 
concentrations range of detection, the more expensive the sensor. Thus, wise selection of sensor in this project 
to make sure that the sensor is able to cover the API scale and still affordable in price. Figaro TGS 2600 sensor 
used to detect the CO concentrations in the surroundings area. It has capability of detecting several gaseous 
such as Methane, Iso-butane, ethanol, hydrogen and CO. It has high sensitivity towards low concentration of 
CO [16]. This sensor is metal-oxide semiconductor based sensor. The circuit built gives a signal which 
corresponds towards the change of pollutants that change the conductivity of sensor. 


Table 2. Sensors detection range and API pollutants concentration range [2] [4] [14] 


Sensors Type of Pollutants | Detection Range API Pollutants Concentration Range 
Figaro TGS 2600 Carbon Monoxide — 1 — 100 Part Per Million (ppm) 0 —57.5 ppm 
SHARP DN7C3CA006 PM2.5 25 — 500 ug/m 0 — 500 pg/m? 
SHARP GP2Y1010AU0F PM10 0 — 500 ug/m* 0 — 600 pg/m? 
DHT22 Temperature & Humidity: 0-100% n/a 
Humidity Temperature: -40-80°C 


The signal receives by the sensor is then computed by using functions obtained from the 
characteristics curve in the datasheet. The ratio between Sensor Resistance Ratio, Rs and Sensor Resistance 
in Fresh Air, Ro computed as follows; 


a= {[(Vcc X RL)/Vourput]-RL}/Ro (1) 


where o is the ratio between Sensor Resistance, Rs and Sensor Resistance in Fresh Air, Ro and Ry is the Load 
Resistance [16]. 

DHT22 sensor has the capabilities to detect both temperature and humidity of the air. The computation 
of the sensor done in the sensor’s library provided. No derivation of equation needed to obtain the results. This 
sensor uses the collective-digital-signal type method and humidity recognition and is calibrated readily [17]. 
For PM2.5 detection, SHARP DN7C3CA006 sensor will be selected. SHARP DN7C3CA006 is the third 
revision of PM sensor product by the SHARP Company. The sensor uses Optical dust sensing mechanism 
[18]. It has built-in fan for the air flow regulation through the sensing chamber. With its ability of measuring 
only dust with 2.5 micrometer of diameter and below, the severity in the haze environment can be known more 
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detailed as PM2.5 has greater effect towards human health [20]. The results computed using the equation 
provided by the manufacturer in the datasheet. 

SHARP GP2Y 101QAUOF is a PM10 sensor and the first edition of the PM sensor from SHARP. The 
measurement of the sensor is based on the PM which has diameter of 10 micrometer and below. This version 
of sensor also using the optical sensing mechanism but doesn’t have the air flow regulator. However, the air 
flow will be regulating by the installed DC brushless air flow regulator fan. An equation derived from the 
characteristic curve of the PM10 sensor to compute the results of detection as; 


PM10= (0.17 x [VOUT x VCC/1024] — 0.1) (2) 


By having both PM2.5 and PM10, we can relatively know the composition of the dust based on its 
diameter. Hence, the severity of the dust contained in the air can be indicated clearly. 


2.2. Sensor Calibration 

Of all the sensors selected, the CO sensor, TGS 2600 is the only sensor that needs to be calibrated 
for consistent and reliable results. The sensor has been calibrated by referring a guided experimental research 
Error! Reference source not found.. Ro is the constant which need to be recognized by calibration process. 
Using a closed space of 25 m°, 24 cigarettes smoked and Rs measured after 3 hours as follows: 


Rs= [(Vcc X Rx)/Vourput]-Ri (3) 


Based on the reference paper, 69.8 ppm of CO resulted when 24 cigarettes smoked and contained for 
3 hours without losses. By knowing the CO concentration, Ro value obtained via equation (5) and (1) which 
is 28336.27Q. 


Table 3. Percentage error between measured results and reference data Error! Reference source not found. 
No. Of Cigarettes | ReferenceCO PPM Measured CO PPM Percentage Error (%) 


4 1221 13.06 6.96 
8 25.65 24.90 AOD 
16 47.63 46.10 3.21 
24 69.80 67.73 2.01 


To ensure the Ro value obtained is acceptable, a number of cigarettes smoked by sequence from 
4,8,16 and 24. For each session, the CO concentration measured after 3 hours of cigarettes smoked. The 
measured results compared with the reference data in Figure 2. The error calculated to analyze the deviation 
of measures results with reference data. 
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Figure 2. CO concentration vs. no. of cigarettes 


Based on the comparison between the measured CO concentration and reference values, the deviation 
percentage is ranged between 2.92% - 6.96%. It is expected comes from the possible gas losses occurred during 
the calibration 
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2.3. Network Communication 

GSM SIM900A Modem used to establish a connection between Arduino Uno and Mobile Phone 
Device. AT Command used to communicate with the modem in order to gives order to perform intended 
actions 1.e. sends and receives messages. General dual band used which enable the modem to connect with 
mobile phone devices of 900/1800MHz frequency bands. The API monitoring device will then send a short 
messaging service (SMS) to the user’s mobile phone devices if the API reaches either Unhealthy, Very 
Unhealthy and Hazardous level. 


2.4. IoT Implementation on API Monitoring Device 

With the rise of the IoT trend, the possibilities for the API monitoring device to be IoT device have 
been explored. By transforming the API device to a remote sensing API device, it is connected to the Wi-Fi 
via Yun Shield Wi-Fi and Ethernet Module. ThingSpeak cloud web server used for the data storage of the 
sensors’ data. ThingSpeak website projecting the data received by the device in the form of plotted graphs for 
each type of the pollutants. Hence, people will able to access the monitoring results and analyze the trends of 
the measured pollutants 


3. RESULTS AND ANALYSIS 

The integrated device tested to measure the surroundings air quality with real time monitoring. 
The device located at Universiti Teknologi PETRONAS, Seri Iskandar, Tronoh, Perak, Malaysia. Please refer 
to Figure 3. 


Google 





Figure 3. API monitoring device location 


3.1. CO Concentration Monitoring 

Figure 4 shows an example of | day of CO concentration monitoring through the ThingSpeak website. 
The overall results show decrement from 0100 hour until 0600 hour and start to increase until the peak hour. 
This trend suspected due to the peak working hours. The peak hours for CO concentration measured highest at 
1000 hour. The result from 1100 to 1500 hour shows significant decrement. One of the possible reason is the 
CO contain in the air reduced as the human working activities decreasing. There was a significant increase 
from 1500 until 1800 and fluctuations observed from 1800 until OOOO hour. The discrepancies of CO 
concentration levels observed influenced by the weather conditions, human activities, wind directions and its 
sources. 

This 1-day monitoring result obtained from ThingSpeak website have not much difference of trend to 
the 5 weeks monitoring results. It is shown that for all of figures, there are similarities of trends which indicates 
the stabilities and consistency of sensor performance. Based on the Figure 5, the data trend shown quite similar 
to the 5-week monitoring. 
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$ Weeks CO Monitoring 


CO Concentration vs Time 





= — 
= - 
= a 
3 ~ 
2 2.5 eo) 
8 U 
2 
ee) 
a 
—) : 2-H 8:00 : T 

06:00 te Po ESR ae 13 5 7 9 1113151 

Time 
ThingSpeak.com Time (Hour) 
Figure 4. Example of co monitoring data from Figure 5. Five weeks CO monitoring 


thingspeak website 


3.2. Temperature Monitoring 

Figure 6 shows the single day monitoring result obtained from ThingSpeak for temperature 
monitoring. Generally, from 0100 hour, a decrement observed until 0800 hour. The temperature starts to 
increase from 0900 hour until its peak hour where the highest temperature recorded everyday which 1s at 1600 
hour. This highest temperature recorded at 1600 hour because direct sunlight towards the API monitoring 
device happens at that hour. Subsequently, decrement observed from 1700 until OOOO hour. 


Field 2 Chart 
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Figure 6. Example of temperature result from thingspeak website 


In Figure 7, 5 weeks of temperature monitoring have been monitored. Based on the result, the highest 
peak hours of temperature monitored around 1600-hour. The results plotted has same trend as the | days of 
temperature monitoring. 
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Figure 7. Five weeks temperature monitoring 
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3.3. Humidity Monitoring 

Figure 8 shows the | of humidity monitoring from ThingSpeak Website. 7 From 0100 hour until 0800 
hour, increment on humidity observed and the peak hour recorded at 0800. There is significant decrement from 
0900 hour to 1600 hour and the lowest humidity recorded is at 1600 every day. Subsequently, the humidity 
changes with increment from 1700 until 0000 hour. 
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Figure 8. Example of humidity monitoring data from thingspeak website 


Based on the Figure 9, the lowest peak hours of humidity monitored around 1600-hour. The results 
plotted has same trend as the 1 days of humidity monitoring from ThingSpeak Website. 
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Figure 9. Five weeks humidity monitoring 


Generally, the humidity results are somehow correlated with the temperature results obtained. The 
humidity and temperature have inverse relationship with each other. This clearly can be seen where the peak 
hour of humidity corresponds to the lowest temperature recorded which is at 0800 hour. On the other hand, the 
lowest humidity recorded corresponds to the peak hour of temperature which at 1600 hour. Similar to the 
temperature results, humidity results are affected by the changes of weather. 


3.4. PM2.5 and PM10 Monitoring 

Based on Figure 10, the PM10 result shows that there is no PM value being measured because of the 
location factor where the monitoring location does not have many industrial activities. Furthermore, the sensor 
also has less sensitivity and required a significant change of environment to ensure its detection. As a result, a 
PM2.5 was introduced as part of sensors the air monitoring quality system. 
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Figure 10. Example of PM10 monitoring data from thingspeak website 


In Figure 11, the trend of the PM value was now able to be monitored. It was observed that the peak 
hours for PM2.5 measured highest from 1000 hour to 13hour. 
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Figure 11. Example of PM2.5 monitoring data from thingspeak website 


The trends of the 5 days PM2.5 have been exported into excel and analyzed by the mean values as in 
Figure 12. The sensitivity of PM2.5 can detect the particle changes with better sensitivity compared to PM10. 
This shows that PM2.5 is important component and need to be added as part of the air quality monitoring 
system. 
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Figure 12. Five days of PM2.5 monitoring data 
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4. CONCLUSION 

In brief, the focus of his project is to develop an affordable and dependable [OT prototype for real 
time air quality monitoring. The necessity of knowing the level or condition of the quality of the air we breathe 
in Our surroundings is very crucial in order to keep our good health condition. The proposed system will be 
able to solve Malaysians concern on the delay announcement and measuring the PM2.5 haze in Malaysia 
considering the Malaysia new API system will be only available in 2020. The PM2.5 measurements is very 
essential to give clearer dust pollutants condition to ensure healthy life environment. The prototype developed 
was able to successfully monitor the Air Pollution Index at UTP for 5 weeks. 
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